Sixty samples, categorized on the basis of manufacturers, were analyzed during the study. A total of 16 fungal species, belonging to 7 different genera, were isolated from the collected samples. Aspergillus was recorded as the most dominant genus with 9 species, namely, A. niger, A. carbonarius, A. luchuensis, A. fumigatus, A. flavus, A. nidulans, A. terreus, A. ochraceous, and A. wentii. A. niger was the most predominant species with frequency of occurrence of 63.33%. A large variation in fungal load and diversity was observed among the samples of different manufacturing categories. The percent moisture content and pH of samples were directly related to the extent of contamination. Samples with low pH and high moisture content were more contaminated. The higher incidence of A. niger (74.36%) was observed among the triphala powder of all manufacturing categories. Detection of ochratoxin producing fungi in triphala powder may pose a serious risk of ochratoxin production. Thus, there is an urgent need to enforce quality standards and regulation to minimize the fungal contamination to the globally expectable limit.
Introduction
Triphala powder is a world widely used herbal formulation of Indian system of medicine. It is easily available in the global market as a dietary supplement. It is a powdered mixture of shade dried fruit pulp of three important myrobalans, that is, Emblica officinalis Gaertn., Terminalia bellerica Roxb., and Terminalia chebula Retz. in equal proportion. It is considered as an important rejuvenating formulation in Ayurvedic system of medicine. The recipe for this formulation is described in the ancient books on Ayurveda (most prevalent Indian system of medicine), the "Charak Samhita" and "Susruta Samhita" (ancient Ayurvedic literature), which date back to 1500 BC [1] . A popular folk saying in India is "No mother? Do not worry so long as you have triphala. " This means triphala can care for the internal organs of the body as a mother cares for her children. It is also mild, nonhabit forming, the safest, and most strengthening laxative and purgative formulation, hence recommended for all age groups.
Triphala encompasses the phytochemical constituents of all the three ingredients. Tannins, phenolics, flavonoids and ascorbic acid have been reported as major phytochemical constituents from this formulation [2, 3] . Ayurvedic doctors and herbal practitioners recommend this formulation for the treatment of the constipation, weight loss [4] , enhancement of intelligence, strength, youth, luster, sweetness of voice, and vigor [1] .
However, being a plant based formulation; it is highly prone to fungal contamination. Although products available in markets are packed in air tight containers but still they harbor various types of fungal species. Research has shown a steady and marked presence of fungi in various herbal formulations and their raw materials including triphala [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . High incidence of fungal contaminants may deteriorate the quality of the products by degradation of the phytoconstituents, thereby reducing the potency and shelf life of the drug and rendering it unfit for the consumption [12, 15] . Besides the deteriorative potential, the presence of fungi in herbal formulations is also a public health issue due to the possibility of mycotoxin production. Various species of Aspergillus, Penicillium, and Fusarium are involved in the production of these toxic secondary metabolites, which have mutagenic, carcinogenic, hepatotoxic, nephrotoxic, and teratogenic effects upon human and animals [16] . In earlier 2 Journal of Mycology studies, Gautam and Bhadauria [13, 14, 17] have detected the aflatoxins in triphala powder samples.
Moisture content and pH of the samples are two main abiotic factors that govern the fungal contamination of the materials. Currently, there are no data available on the relationship between pH, moisture content of the formulation, and storage time with fungal load and diversity. Therefore, this experiment was carried out to study the mycobiota of triphala powder and influence of the pH, moisture content of the formulation, and storage time on the extent of fungal contamination.
Materials and Methods

Experimental Sample.
The samples of all brands of triphala powder were randomly purchased from the retailers and herbal practitioners of the Gwalior district (Madhya Pradesh, India) in original packing during the years 2010 and 2011. Collected samples were categorized on the basis of their manufacturers into multinational, regional, local, and herbal practitioner categories. A total of 60 samples of triphala powder were collected during the study. Out of which 15 were of multinational manufacturers, 32 of regional manufacturers, 9 of local manufactures, and 4 from herbal practitioners. Samples of the multinational and regional manufacturers were packed in airtight containers weighing 50 to 100 g, whereas samples from local manufacturers and herbal practitioners were collected in UV sterilized polyethylene bags. After noting product related details like date of manufacturing, batch number, expiry date, date of collection, and storage time (date of Mfg to date of collection), collected samples were stored at 25 ± 2 ∘ C for further study. The storage period of collected samples varied from 2 to 20 months and samples with more than this storage period were not included in this study.
Measurement of pH.
5% suspension of each sample was prepared in distilled water and constantly shaken for one hour. pH of the suspension was measured using a digital pH meter. Each sample was analyzed in triplicate.
Analysis of Total Moisture Content.
The moisture content of the triphala powder samples was determined using the standard method [18] . Two grams of triphala powder, taken in previously dried and tarred flat weighing bottle in triplicate, was oven dried at 105 ∘ C until two consecutive weighing do not differ by more than 5 mg. Total moisture content was calculated by the following formula: % moisture content = Initial weight − Final weight Initial weight × 100.
(1)
2.4. Enumeration of Mycobiota. Different fungi were isolated from the triphala powder samples by pour plate technique, using Czapek Dox agar media (pH 7.3) supplemented with chloramphenicol. Under aseptic conditions, 1 g sample was suspended in 9 mL of sterilized distilled water and serial dilutions were made. One mL aliquots from appropriate dilution were poured in sterilized petri plates (in triplicate) and appropriate amount of media was added and mixed well. After solidification, plates were incubated at 25 ± 2 ∘ C for 7 days and colony forming units per gram (CFU/g) of fungi were calculated using the following formula:
where is total number of colonies and is dilution. After seven days of incubation period, plates were examined and pure culture of each fungal isolate was prepared for identification purpose.
Fungal Identification.
Isolated fungal species were identified on the basis of their cultural characteristics/colony morphology and microscopic characteristics as described by Thom and Raper [19] , Gilman [20] , Barnett [21] , Jamaluddin et al. [22] , Samson et al. [23, 24] .
Statistical Analysis. Pearson's correlation coefficient was
performed to test the correlation between various factors by using Minitab 16 software.
Results
Mycobiota of Triphala Powder.
A high level of fungal contamination was observed in triphala powder samples. As Table 1 shows, the majority of samples were contaminated with various types of fungal species with varying degree of frequency of occurrence. Out of 60 samples, 45 (75%) were found to possess one or other types of fungal species, and about 68% samples were with fungal load of >10 3 CFU/g (data not shown). A total of 16 fungal species belonging to generas Aspergillus, Penicillium, Alternaria, Curvularia, Fusarium, Chaetomium, and Rhizopus in the range of 10 2 -10 5 CFU/g were isolated during the study (data not shown). Aspergillus group was isolated as the most dominant genus with 9 species, and with an incidence of 96%. Nigri section represents 88% of Aspergillus species, with A. niger as most prevalent species isolated from 63.33% of samples, and has a share of 87% among members of Nigri section and 74.36% share among all the isolated fungal species (data not shown). Section Fumigati was the second most dominant genus represented by A. fumigatus, isolated from 26.66% of the samples, followed by A. flavus of Flavi section with presence in 20% of the samples. All the contaminated samples were found to harbor one or another species of Aspergillus. Some other dominant species were A. carbonarius, A. nidulans, and A. luchuensis with 16.66%, 10%, and 8.33% of frequency of occurrence, respectively. Other less abundant fungal contaminants includes A. terreus, A. ochraceous, A. wentii, Penicillium citrinum, P. chrysogenum, Curvularia lunata, and Alternaria alternata. Species of Fusarium, Rhizopus, and Chaetomium were present only in few samples, not exceeding 7% of the frequency of occurrence. Three fungal species, namely, A. wentii, species of Chaetomium and Rhizopus, were isolated from one sample only. Table 2 shows the manufacturing category-wise detail of mycobiota of triphala powder. In case of the samples of In samples of regional manufacturers, about 78% (25/32) of the samples were found to harbor 15 out of 16 isolated fungal species up to 10 5 CFU/g and 75% of the samples with CFU >10 3 spores/g. Except A. wentii, all the species were present in one or other sample. Aspergillus group was detected as the most dominant genus with black Aspergilli as major contributors. A. niger was once again found as most dominant fungal species with frequency of occurrence of 59.37%, followed by A. fumigatus (28.12%), A. carbonarius, and A. luchuensis, 12.5% each. Other isolated fungal species were present in fewer samples only (Tables 1 and 2) .
Samples collected from the local manufacturers were also found to harbor Aspergillus as major fungal group. About 78% of the samples were contaminated with 7 different fungal species in the range of 10 2 -10 4 CFU/g and 55% samples with fungal load of >10 3 CFU/g. Prevalence of A. niger in 77% samples and maximum presence of fungal species like Curvularia lunata and Alternaria alternata were also recorded from the samples. While in case of samples collected from the herbal practitioners, 2 out of 4 were contaminated with 5 different fungal species. A. niger, A. flavus, and A. fumigatus were the most prevalent species (Tables 1 and 2 ).
In general, it was found that there was not much diversity in mycobiota of collected triphala powder samples at the genus level. Isolated fungal species belong to 7 different genera. A. niger was recorded as most dominant Aspergilli with 76.81% share among Aspergillus species. Among the different categories of triphala powder, samples of regional (78.12%) and local manufacturer (77.77%) were most contaminated but only 55.55% samples of local manufacturer have CFU >10 3 spores/g as compare to the samples of regional (75%) and multinational manufacturers (66.66%). The samples of regional manufacturer were found to harbor highest number (15) of fungal species, whereas samples collected from the herbal practitioners were with minimum (4) fungal species and only 50% of the samples with CFU >10 3 spores/g. Table 3 shows the relationship between pH of the samples (5% suspension) and rate of fungal contamination. It was found that pH of collected samples ranges from 3.50 to 7.0. The majority of the samples were below pH 4. Maximum number of samples (25/60) lies in the pH range of 3.61-3.70 and the minimum number of samples (2/60) in a pH range of 5-7 on the pH scale. It was found that samples with pH above 3.81 were less contaminated as compared to the samples below this pH range, although no significant correlation was observed between pH values and fungal contamination ( = −0.307; > 0.05). The high rate of contamination (88%) was observed in the samples of pH range 3.61-3.70 with isolation of 13 fungal species and 80% of samples with fungal load of >10 3 CFU/g. A. niger was recorded as the most dominant fungal species in all pH ranges, except pH range of 3.91-4 where Penicillium citrinum was the most dominant fungal species.
pH versus Fungal Contamination.
Percent Moisture Content versus Fungal Contamination.
The percent moisture content was found to govern the extent of contamination and species diversity in triphala powder samples. As it is evident from Table 4 , the samples with higher level of percent moisture content were more contaminated than the samples with less moisture content. A strong positive correlation ( = 0.868; < 0.05) was observed between the percent moisture content and the species. It was found that samples with more than 7% moisture content were more contaminated (7-8 = 85.71%; 8-9 = 78.57%; >9 = 85.71%) and more than 70% of these samples were with fungal load of >10 3 CFU/g than samples with moisture range of <7%. Among isolated fungal species, Aspergillus niger was detected as the most dominant species in all ranges of percent moisture content.
Storage Time versus Fungal Contamination.
Out of 60 samples, only on the packs of 41 samples, date of manufacturing was mentioned. The time period between date of Mfg. and date of collection was considered as storage time and all the results were drawn on the same basis.
As it is evident from Table 5 , the high rate of contamination was observed in the storage range of 4-5 (90%) and 10-11 (100%) months of storage period and minimum in storage range of 6-7 (66.66%) and >12 (69.23%) months period of storage. No significant correlation was observed between storage period, fungal diversity, and fungal load. But strong positive correlation was observed between the increased percent moisture content and fungal contamination irrespective of storage period, that is, samples of storage period ranges with less moisture content were less contaminated (6-7 and >12 months storage period range) and samples of storage period with high moisture content were more contaminated ( = 0.950; < 0.05). Again, Aspergillus niger was recorded as 
Discussion
Mycobiota of Triphala Powder.
There are only few reports available on the microbial contamination of triphala powder, the majority of them dealing with bacterial contamination. However, plenty of reports are available on the fungal contamination of herbal drugs. In our study, we isolated 16 fungal species belonging to 7 genera from 60 diverse types of triphala powder samples. Occurrence of Aspergillus was observed in almost all of the samples. These results were in accordance with the observations of Gautam and Bhadauria [17] , which is the only report on the fungal contamination of triphala powder. Beside other isolated fungi, two species of Aspergillus, that is, A. carbonarius and A. wentii, were not reported earlier from triphala powder. Several authors also reported the Aspergillus as the most dominant genus and A. niger as most prevalent species in herbal drugs samples [5, 8, 9, 12, 14, [25] [26] [27] [28] [29] [30] [31] . This is in agreement with our findings. This high incidence of black aspergilli can be justified on the basis of the black color of the spores that apparently provide protection from sunlight and UV rays during sun drying [32, 33] . In general, the occurrence of both types of moulds, that is, field and storage fungi, was observed in our study. Isolated species of Alternaria, Fusarium, and Curvularia belong to field fungi and generally infest the plants during the field stage, that is, during growth, development, and harvesting, whereas, frequently occurring spp. of Aspergillus and Penicillium, reported as storage fungi, infest products during storage. This may be the probable reason of the high occurrence of Aspergilli in our samples; secondly, this high occurrence of Aspergilli and low frequency or absence of other fungi may be due to high phenolic contents of triphala powder.
Reports of various researchers also approved the inhibitory effect of phenolics against pathogenic, field fungi, and ineffectiveness in controlling the growth of storage fungi, especially Aspergillus group [34] [35] [36] [37] . These reports are in agreement with our results, where about 96% isolates were of Aspergillus group.
A variation in fungal diversity and fungal load was observed in between the triphala powder of various manufacturing categories. Although, all the categories showed almost equal percentage of fungal contamination but more than 75% samples of the regional manufacturers were loaded with fungal count more than the specified limit of 10 3 CFU/g for herbal drugs of internal uses [18] . This may be due to the violation of guidelines laid down in the Ayurvedic pharmacopeia of India/WHO by regional manufacturers during manufacturing, because of the marketing of their products in local markets only. Triphala powder samples of local manufacturer and herbal practitioners were found less contaminated in comparison to the samples of other categories. This low contamination may be because of the limited production of formulation by local manufacturers and herbal practitioners as per the local demand.
The presence of A. carbonarius and A. niger in high amount is alarming, as it has been well established that A. carbonarius is a potent producer of ochratoxin followed by A. niger [33, [38] [39] [40] [41] [42] .
pH versus Fungal
Contamination. pH of a substrates and types of substrates were reported to influence the fungal diversity in nature [43] . During present investigation, samples with a low pH range (3.50 to 4.0) were found to harbor a good number of fungi. Reports of 2010 and 2011 indicate that low pH (acidic range pH 4-6) favors good fungal growth and recolonization of fungi in soil [43, 44] . Low pH was also found to favor mycelial development of Trichoderma harzianum [45] . Trends of these findings authenticate our results, indicating high fungal contamination in samples of triphala powders with low pH as compare to samples with higher pH value. Aspergillus was recorded as the most dominant genus in samples of all pH ranges; this can be attributed to the ability of the Aspergilli to grow in a wide range of pH. Wheeler et al. [46] observed that Aspergillus species are more tolerant to alkaline pH, while Penicillium are more tolerant to acidic pH. This is in accordance with our findings where A. niger and Penicillium were recorded as the most dominant fungal species in the pH ranges of 3.50 to 7.0 and 3.91 to 4.0, respectively. Singh et al. [12] , Mandeel [27] , and Mishra et al. [31] isolated the various fungal species from the spices and crude plant material with very high moisture contents ranging from 9 to 63% and tried to correlate fungal diversity and fungal load with pH of the samples.
Percent Moisture Content versus Fungal Contamination.
Being a plant based formulation; triphala powder is prone to fungal contamination. Various stages during processing of formulation like harvesting, drying, grinding, and storage play certain role in contamination of the product. Drying and storage are the two important steps that determine the rate of contamination. Any availability of sufficient moisture in stored material results into microbial contamination. Water availability is the key factor in controlling contamination of medicinal plant material. Higher moisture content makes a substrate favorable for fungal invasion. In the present study triphala powder samples with higher moisture content were more contaminated as compared to the samples with less moisture content secondly, a gradual increase in fungal diversity and percentage of samples with CFU >10 3 /g was also observed. This is in accordance with the findings of Oyebanji and Efiuvwevwere [47] and Quezada et al. [48] who reported a gradual increase in fungal load and diversity with increase in moisture content of stored maize sample. Moisture content along with substrate type and nutrient availability and presence of secondary metabolite also affect the extent of fungal contamination [12, 27, 31] . It is well established that the diversity and overall fungal load (CFU/g) vary with the value of the samples [49, 50] .
Storage Time versus Fungal
Contamination. Duration of the storage has been reported to influence the level of fungal contamination of stored plant commodities [51] . It was observed that storage period is not the sole factor in determining the fungal load and diversity; it is coupled with moisture content of the samples. Triphala powder samples with a storage period of more than one year (from manufacturing date) were less contaminated due to critically low moisture content (5.96%) and samples with less than 6 months storage period were more contaminated due to high moisture content (>7%). Total absences of fungal contaminants were observed in very old sealed expiry dated samples with very low moisture content (<5%). This again proves that storage period is not the sole determining factor. These findings are also in accordance with the Oyebanji and Efiuvwevwere [47] and Quezada et al. [48] . who reported a gradual increase in fungal load and fungal diversity, while increasing the storage time along with moisture content.
Conclusion
A wide range of fungal contaminants were discovered from the triphala powder. The rate and extent of contamination was strongly influenced by the pH, moisture content, and storage condition of the product. In phenolics rich triphala powder, storage fungi were in dominance as compared to field and other fungi. Our data also presented the variation in the rate of contamination between products of different manufacturers. This high contamination may hit the global market of triphala powder, which will be a setback for Indian herbal Industry which is facing strong competition from Chinese herbal Industries. Therefore, Indian herbal industries need to strengthen their quality control measures, especially during storage and processing with controlled moisture content, so that microbial contamination can be reduced to globally expectable limit.
